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 Artificial lighting consumed significant amount of electrical energy in 
commercial buildings. Therefore, intelligent control strategies are 
widely implemented to reduce the lighting energy consumption. This 
paper presents comprehensive review of the current sensing-based 
strategies (i.e. occupancy, daylight and mixed), sensors placement 
methods (i.e. occupancy and light) and factors affecting the 
performance of the lighting control strategies. Based on literature 
survey, the sensors placement methods can be categorized into three 
approaches: fixed, mathematical equation and optimization. The state-
of-the-art of these approaches are discusses in details. It found that, the 
optimization-based approach capable to find the optimal sensor 
placement (numbers and positions) effectively. Moreover, the mixed 
strategy can be produced the highest energy savings up to 95% 
compared with other strategies. The occupancy pattern and building 
characteristics are the main factors to contribute higher energy savings 
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1. INTRODUCTION  
The lighting system is one of the main systems in the buildings and it has consumed around 17% of 
the total electric energy [1]. Based on this fact, the energy consumption needs to be reduced for economic and 
environmental benefits. There are several strategies can be considered: converting low energy efficient lamp 
technologies to high energy efficient lamp technologies, such as light emitting diode (LED) [2], occupancy-
based control and daylight-based control [3] and scheduling-based control [4]. In literature, LED lamp 
technology has a prominent energy efficient lamp among other lamp technologies due to its special 
characteristic: high color temperature and efficacy as well as less power consumption [5, 6]. Moreover, LED 
has great control performances: easy to control and its output power is directly proportional to dimming  
level [7]. For occupancy and daylight control strategies, sensors are the main inputs of the lighting control 
systems. In the occupancy-based strategy, occupancy sensors (e.g. motion sensor) are used to detect the 
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occupancy status (occupied or un-occupied). The comprehensive review related to occupancy-based strategy 
in office buildings can be found in [7]. In the daylight-based strategy, the light sensors are used to measure the 
level of illumination in the room and its unit in lux (lx). The daylight metrics, performance assessment and 
simulation tools were extensively reviewed in [8]. In the scheduling-based strategy, the timers are used to set 
the operational time based on work areas or necessities. This strategy was reviewed in [4].  
In order to improve the performance of the control strategy, the main inputs of the controller  
(i.e. sensors) need to be placed with optimum numbers and locations. Apart from improve the performance of 
the control strategy, reducing investment costs include purchasing and installation can be achieved. Several 
methods have been proposed by sensor manufacturers and literature for determining the numbers and positions 
of the sensors (occupancy and light). However, each proposed method has limitation.    
In this paper, control strategies related to the sensing-based, which are occupancy and daylight based 
strategies are reviewed. The review includes sensor technologies, sensor placement methods and energy 




2. SENSING-BASED STRATEGIES 
Sensors represent an indispensable element in intelligent and smart systems such as building energy 
system (BES). In lighting systems, there are two common input devices, namely occupancy and light sensors. 
The occupancy sensor senses the motion of occupants. Meanwhile, the light sensor senses the light from both 
the daylight and the artificial light. Then, both types of sensors send the signals to the controller. In sensing-
based, there are three popular strategies in the literature are occupancy, daylight and mixed (occupancy  
and daylight) [8].  
 
2.1.   Occupancy-based 
Occupants’ feedback information is crucial in order to implement control strategies and analyse the 
performance of the buildings in terms of pattern of energy used, location of occupants and occupants’ 
behaviour. The information gathering can be realized in several ways, namely survey, experiments, simulations 
and combinations of these ways [9]. However, in most literature, they focused on using sensing technologies 
(i.e. experiments, simulations and both methods) to acquire occupants’ information. In fact, manual switch 
on/off can significantly contributes the highest reduction of energy consumption compared to the occupancy 
sensing based in office buildings [10]. However, the main obstacle is the attitudes of the occupants to manually 
switched off the switch when their leave the room.  For this reason, the automatic lighting control system is 
the way to mitigate the wasted energy from the lighting system in the buildings.  
According to [11], occupancy-based control design can be divided into five categories: spatial level, 
occupancy detection technique, intelligence level, illuminance settings, and time delay setting. However, from 
literature survey, the occupancy detection technique and illuminance settings have been widely considered in 
the lighting control strategies. The occupancy detection technique is a motion detection using occupancy 
sensors which considers on and off signals to be sent to the controller. For the illuminance settings are values 
of illuminance set by occupants with two states, for example, 500 lux for occupancy and 0 lux for un-
occupancy. In [12, 13], they utilized other states which are 500 lux and 300 lux for occupancy and un-
occupancy, respectively with accordance to the European Standard EN12464-1. Another work in [14], the 
illuminance level set-point was considered of 400 lux for occupied and 100 lux for unoccupied in an  
office room.  
Several sensor technologies have been utilized in the literature, including passive infrared (PIR), radio 
frequency identification (RFID) and WiFi-based. The passive infrared (PIR) sensor is commonly used in this 
method due to its cost-effective, low power consumption and easy to configure (i.e. binary output). The 
luminaires will automatically on when the PIR sensor detects the variation of radiation emitted by occupants 
within field of view (FoV) of the sensor. However, significant drawbacks of the sensor are unable to detect 
stationary of occupant and needs motion continuously by occupants based on concept of line of sight (i.e. 
between the occupants and sensor within sensor’s FoV) to work properly. Moreover, the sensor is unable to 
make counting, tracking and identifying the exactly location of occupants within sensor’s FoV due to  
its output [15].  
The RFID technology is growing and is widely applied in different range of field, including in sensing 
system. The RFID uses radio frequency wave in its communication range with their tag. The occupants require 
the RFID tag to link within the lighting control systems. The advantages of the RFID are they can trace and 
track the location and density of the occupants based on the distance from the reader to the tags. For application 
instance, the combination of PIR sensor and RFID sensor were used in lighting control strategy [16].  
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WiFi-based is the latest technology in the occupancy sensing for lighting system in the building. This 
technology has been widely used as it is easy to be implemented with the existing network infrastructure. The 
technology uses mobile devices (MDs) to collect the occupant’s information (i.e. occupied or un-occupied, 
position and number) and it is connected to the wireless network in the buildings [17, 18]. The advantages of 
WiFi-based application are similar to RFID sensor, but the location of the occupants can be detected  
accurately [19, 20].  
 
2.2.   Daylight-based  
Daylight harvesting is crucial to reduce depending on fully utilization of artificial light during 
daytime. Consequently, it can reduce electrical energy consumption of lighting in the buildings.  One of the 
important factors in building design and lighting control strategy is daylighting as specified in the EN12464-
1. Daylighting is lighting for an indoor space with openings such as windows that allow daylight into the 
building and measured in lux, thus it is called as daylight illuminance. Daylight illuminance is the most widely 
used parameter for lighting design due to the illuminance level directly measures using lux meter or daylighting 
simulation tools on workspace plane. The light sensor also measures the daylight illuminance as an input 
parameter of the controller in the buildings. This is a main strategy of sensing-based as it contributes large 
portion of energy savings in the buildings [8]. In order to evaluate the performance of the strategy, experimental 
and simulation based studies can be carried out. Most of the researchers have conducted simulation-based due 
to its fast and reliable of the analysis results. Several daylight simulation tools have been commonly used by 
the researchers and the designers, such as Daysim, DIALux and Radiance. The simulation tools provide 
essential data for the analysis, which is different type of sky conditions (e.g. clear, average and overcast 
conditions) with different time and locations.  
 
2.3.   Mixed (Occupancy and daylight) 
The uses of mixed sensing method can be benefited to maximize energy performance and satisfy the 
occupants’ preference in the buildings. Williams et al. [8] revealed that this method is the third strategy 
interested by the researchers in lighting control strategy in buildings and it contributed the highest energy 
savings among other sensing-based strategies. This method becomes prominent among researchers with current 
lighting system technologies, which is luminaire with equipped light and occupancy sensors and promising 
superior energy performance.  
 
 
3. SENSORS PLACEMENT METHODS 
Placement of the sensor is crucial at the design stage of the lighting system in the buildings. At this 
stage, three sensor placement parameters need to be considered: (1) field of view (FoV) [21, 22], (2) number 
[21, 23, 24] and (3) position [11, 23, 25, 26]. The FoV value can be determined by referring to the sensor 
datasheet which is provided by sensor manufacturers and the value is in degree (ᴼ). In order to reduce the 
number of sensors to be installed, the FoV of each sensor cannot be intersected among each other. The number 
of the sensors to be placed is reflected to the cost to be invested. This means, the optimum number of the sensor 
to be installed is promising the optimal cost of purchasing the sensors. Apart from the effect of the cost, the 
higher number of the sensors can also increase the complexity of the control system and consequently, reduce 
its performance, such as higher computational time and power consumption. According to the reviews 
conducted, the sensor placement strategy can be categorized into three: (1) fixed, (2) mathematical equation 
and (3) optimization. In light sensor placement, appropriate sensor position and control zone are the main 
factors to achieved better energy performance as proved in [27]. 
 
3.1.   Occupancy sensor placement  
 The literature showed that majority researchers considered the placement of the occupancy sensor  
(i.e. PIR sensor) co-located with the luminaire [12, 13, 28, 29] has been employed in the first strategy. 
Meanwhile, in the second strategy, linear equation with respect to the mounting height and radius of the FoV 
was used in [30]. In the last strategy, the optimization based methods were used to find the optimal position of 
the occupancy sensors in the buildings. Wang et al. [21] proposed an improved adaptive binary particle swarm 
optimization (IABPSO) for optimal strategy for the deployment of sensor in building based on FoV of the 
sensor. In this study, the working plane was divided into some grids and its grid size depends on the specific 
application and parameters. The location information of the sensor was based on binary, which is 1 is for sensor 
placed at the centre of the grid or else it is 0. This information was considered into problem formulation. The 
proposed method was compared to the standard binary particle swarm optimization (SBPSO) through 
experimental study and it showed that the proposed method was outperformed than SBPSO in terms of optimal 
solution and convergence rate. 
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3.2.   Light sensor placement  
In the first strategy, the recent LED lighting technology provides the sensor which is equipped with 
the luminaire. The benefits of this technology are to integrate input and output in one module for the lighting 
control system as well as to reduce the complexity of the electrical wiring of artificial lighting system. The 
strategy is the most popular strategy among the researchers [13, 31–34] due to its benefits. However, this 
strategy is not promising better performance of the control system and not cost effective. In the second strategy, 
the sensor placement guides which is referred from the manufacturers [30, 35, 36] and daylight performance 
metrics [37] are the most commonly used, which are derived from mathematical equations. In [35, 36], they 
provided guidelines to place the light sensor at the appropriate location based on effective window height. In 
another guideline [30], they provided mathematical equation to calculate the minimum distance of light sensor 
to window by considering two parameters: mounting height of the sensor to floor and the detection angle of 
the sensor. However, these methods did not provide the optimal numbers and location of the sensors. Wang et 
al. [37] proposed lighting system design based on wireless light sensor placement in industrial buildings.  In 
this study, daylight factor (DF) was considered as the measurement parameter and to determine the numbers 
and locations of the sensor to be placed, the highest calculated DF values were chosen. The experimental results 
showed that the proposed method had determined the numbers and locations of the sensor and provided energy 
savings. Nevertheless, the proposed method provided some possible locations (i.e. same values of DFs), which 
is difficult to make decision to determine the optimum locations of the sensors.  
In order to address the shortcomings of the previous strategies, the third strategy has been proposed, 
which is optimization based [22–24]. Gao et al. [23] introduced lighting control strategy based on optimal 
placement of light sensor by considering illuminance matrix (I-matrix) by using artificial neural network 
(ANN) and genetic algorithm (GA). In the research, radial basis function neural network (RBFNN) was chosen 
to predict the illuminance levels for each location on the working plane across the meeting room. GA was 
utilized to determine the optimal numbers and locations of light sensors based on the minimum value of root 
mean square error (RMSE) of standard and predicted of illuminance values. The experimental results showed 
that the proposed method had determined the numbers and positions of light sensors optimally and showed 
more accuracy of 60% than conventional methods. However, the daylight harvesting did not consider in their 
analysis. In recent work [24], they also used combination of ANN-GA to find the best light sensor position by 
considering daylight at an educational building. The ANN model was utilized to predict the indoor illuminance 
levels on working plane based on four fixed sensor positions (i.e. two are on the ceiling and two are on the 
wall). In this research, The ANN inputs represent illuminance values from sensors, output power of the 
luminaires, horizontal global irradiation, solar elevation and azimuth. The trained ANN data was gathered from 
the real sensors on the ceiling and the measurement on the working plane using lux meter. The GA was used 
as optimizer to find the optimal epoch number with different ANN models. The results showed that the best 
light sensor position was on the ceiling by having the lower error.  
Another method, Doulos et al. [22] analysed the optimum position and field of view (FoV) of light 
sensors by considering daylight harvesting using ELimination Et Choix Traduisant la REalité (ELECTRE). 
Three criteria were considered, namely coefficient of determination (R2) of the illuminance levels between the 
ceiling and the workspace plane, energy savings and illuminance level preference. In this study, both simulation 
and experimental studies were conducted to compare and validate the results. The analysis was carried out 
based on two combined scenarios, which are three different positions (i.e. 17.8, 26.7 and 35.8 cm distance from 
window) and FoVs (i.e. wide, medium and narrow) of light sensors. The results showed that the best position 
and FoV of the light sensors were 26.7 cm and medium, respectively while satisfying all three criteria.  The 
summary of the related works that focused on sensor placement is illustrated in Table 1. 
 
 
Table 1. Summary of the related works that focused on sensor placement 
Reference 
Type of sensor Strategy 
Computational method 
Oa Lb Fc Md Pe 
[13, 28, 29] √  √   - 
[30] √   √  Mathematical formula 
[21] √    √ IABPSO 
[31]–[34]  √ √   - 
[30, 35, 36]  √  √  Mathematical formula 
[37]  √  √  DF 
[23]  √   √ ANN-GA 
[24]  √   √ ANN-GA 
[22]  √   √ ELECTRE 
Note: 
a Occupancy, b Light, c Fixed, d Mathematical, e Optimization 
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4. ENERGY PERFORMANCE OF SENSING-BASED 
To evaluate the performance of the sensing-based strategies, energy savings reported from literature 
has been used. The energy savings from sensing-based strategies are summarized in the Table 2. The influence 
factors of energy performance are also highlighted. For occupancy-based sensing, it can be seen in Table 2, the 
highest energy savings recorded was 75% under field measurement study on the office. Whereas, the lowest 
energy savings recorded was 25% based on a field measurement study on the laboratory. For daylight-based 
sensing, based on Table 2, the highest energy savings recorded was 81% based on a real field measurement 
study of the educational building. Whereas, the lowest energy savings recorded was 9% based on a field 
measurement study of the educational building. For mixed strategies, according to Table 2, the highest energy 
savings recorded under was 95% based on simulation study on the office room. Whereas, the lowest energy 
savings recorded was 33% based on a field measurement study on the waiting room of the hospital.  
 
 
Table 2. Summary of energy savings from sensing-based strategies 
Reference Control 
strategya 





























































Large commercial building 27 
26 













[45] d Simulation (Relux) 
Real 
Simulation (Daysim) 
Educational building 35 
40 
46 
[46] od Simulation Office 70 
[47] d Real Educational building (atrium 
corridor) 
45 










a o is occupancy-based, d is daylight-based and od is mixed (occupancy and daylight) 
b Real is including field measurement and experimental studies and Combined is combination of real and simulation studies  
c The average value 
 
 
4.1.   Factors affecting the performance of the strategies 
Generally, various factors influence the performance of energy in the buildings, including building 
and lighting system designs (e.g. lighting power density and artificial lighting technology) [49]. Specifically, 
for occupancy sensing-based, the main factors that influent the energy savings is the occupancy patterns, 
including office policy, special absences and absence type [50]. Other main factors involved: time delay [51] 
and sensitivity, positioning and detection area of the sensor [4]. 
In fact, the factors affecting of daylight sensing-based are building orientation and location, window 
characteristics, shading devices, reflectance of inner surfaces, partition height and room geometry [52]. In [8], 
they mentioned that the factors affecting are sky conditions and weather, numbers and location of the sensors, 
type of use and occupancy. Apart from the abovementioned, the design illuminance level is also one of the 
main factors of these as results finding in [2, 47, 48]. 
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5. CONCLUSION  
This paper provides comprehensive review of lighting control strategies including the current sensing-
based strategies, sensor placement method and energy performance of different strategies. In sensing-based, 
three strategies have been critically reviewed including occupancy, daylight and mixed of occupancy and 
daylight. These strategies involved sensors to collect and provide the information for the controller for further 
actions. The sensor placement is crucial to determine the performance of the control system (i.e. dimming 
levels of luminaires). Most studies considered the luminaires which were equipped with the sensors in order to 
reduce the complexity of electric circuitry of lighting. However, this method faced higher initial cost and had 
affected the controller performance, such as higher computational time and less accuracy (i.e. to find the 
optimum dimming levels of luminaires). Other sensor placement method is used mathematical equations 
provided by sensor manufacturers. However, the drawbacks of this method are the numbers and positions of 
the sensors are not place optimally. To address the shortcomings of abovementioned methods, the optimization-
based method (e.g. ANN-GA) seems to be the best solution. In light sensor application, the method could 
determine optimal numbers and locations of the sensors and improved the performance of the control systems 
(e.g. less energy consumption) consequently, reduce electricity cost and increase life span of the luminaires. 
However, it required further improvement by considering the daylight and the optimal positions of the sensors. 
In order to demonstrate the potential to reduce the energy consumption of the lighting system in the commercial 
buildings, the energy performance results had been illustrated with significant percentage of energy savings. It 




The authors would like to thank the Ministry of Education Malaysia for supporting this research under 





[1] EIA, “Commercial Buildings Energy Consumption Survey,” 2012. [Online]. Available: 
https://www.eia.gov/consumption/commercial/reports/2012/lighting/. [Accessed: 17-Sep-2018]. 
[2] K. R. Wagiman and M. N. Abdullah, “Lighting System Design According to Different Standards in Office Building: 
A Technical and Economic Evaluations,” J. Phys. Conf. Ser., vol. 1049, 2018. 
[3] K. R. Wagiman and M. N. Abdullah, “Intelligent Lighting Control System for Energy Savings in Office Building,” 
Indones. J. Electr. Eng. Comput. Sci., vol. 11, no. 1, pp. 195–202, 2018. 
[4] M. A. Haq, et al., “A review on lighting control technologies in commercial buildings, their performance and affecting 
factors,” Renew. Sustain. Energy Rev., vol. 33, pp. 268–279, May 2014. 
[5] M. M. Aman, et al., “Analysis of the performance of domestic lighting lamps,” Energy Policy, vol. 52,  
pp. 482–500, 2013. 
[6] M. W. U. N. B. Yahaya and Z. B. Baharuddin, “PWM Dimming Control for High Brightness LED Based Automotive 
Lighting Applications,” Int. J. Electr. Comput. Eng., vol. 7, no. 5, pp. 2434–2440, 2017. 
[7] L. T. Doulos, et al., “Harvesting daylight with LED or T5 fluorescent lamps? The role of dimming,” Energy Build., 
vol. 140, pp. 336–347, 2017. 
[8] A. Williams, et al., “Lighting Controls in Commercial Buildings,” LEUKOS, vol. 8, no. 3, pp. 161–180, 2012. 
[9] A. Khosrowpour, et al., “A review of occupant energy feedback research: Opportunities for methodological fusion 
at the intersection of experimentation, analytics, surveys and simulation,” Appl. Energy, vol. 218, pp. 304–316, 2018. 
[10] S. Gilani and W. O’Brien, “A preliminary study of occupants’ use of manual lighting controls in private offices: A 
case study,” Energy Build., vol. 159, pp. 572–586, 2018. 
[11] C. de Bakker, et al., “Occupancy-based lighting control in open-plan office spaces: A state-of-the-art review,” Build. 
Environ., vol. 112, pp. 308–321, 2017. 
[12] K. Warmerdam, et al., “Visible Light Communications for Sensing and Lighting Control,” IEEE Sens. J., vol. 16, 
no. 17, pp. 6718–6726, 2016. 
[13] D. Caicedo and A. Pandharipande, “Distributed Illumination Control With Local Sensing and Actuation in 
Networked Lighting Systems,” IEEE Sensors Journal, vol. 13, no. 3. pp. 1092–1104, 2013. 
[14] E. E. Dikel, et al., “Potential energy savings from high-resolution sensor controls for LED lighting,” Energy Build., 
vol. 158, pp. 43–53, 2018. 
[15] T. Labeodan, et al., “Occupancy measurement in commercial office buildings for demand-driven control 
applications—A survey and detection system evaluation,” Energy Build., vol. 93, pp. 303–314, 2015. 
[16] F. Manzoor, et al., “Occupancy Monitoring Using Passive RFID Technology for Efficient Building Lighting 
Control,” 2012 Fourth International EURASIP Workshop on RFID Technology. pp. 83–88, 2012. 
[17] B. Balaji, J. Xu, et al., “Sentinel: Occupancy Based HVAC Actuation using Existing WiFi Infrastructure within 
Commercial Buildings,” in 11th ACM Conference on Embedded Networked Sensor Systems, 2013, p. 17. 
[18] C. Basu, et al., “Sensor-Based Predictive Modeling for Smart Lighting in Grid-Integrated Buildings,” IEEE Sens. J., 
vol. 14, no. 12, pp. 4216–4229, 2014. 
                ISSN: 2502-4752 
Indonesian J Elec Eng & Comp Sci, Vol. 16, No. 1, October 2019 :  208 - 215 
214
[19] H. Zou, et al., “Non-intrusive occupancy sensing in commercial buildings,” Energy Build., vol. 154,  
pp. 633–643, 2017. 
[20] H. Zou, et al., “WinLight: A WiFi-based occupancy-driven lighting control system for smart building,” Energy 
Build., vol. 158, pp. 924–938, 2018. 
[21] L. Wang, et al., “An optimal strategy for the deployment of sensor nodes in green buildings,” 2015 Sixth International 
Conference on Intelligent Control and Information Processing (ICICIP). pp. 209–213, 2015. 
[22] L. Doulos, et al., “Multi-criteria decision analysis to select the optimum position and proper field of view of a 
photosensor,” Energy Convers. Manag., vol. 86, pp. 1069–1077, 2014. 
[23] Y. Gao, et al., “A wireless sensor network based on the novel concept of an I-matrix to achieve high-precision lighting 
control,” Build. Environ., vol. 70, pp. 223–231, Dec. 2013. 
[24] M. Beccali, et al., “Assessment of indoor illuminance and study on best photosensors’ position for design and 
commissioning of Daylight Linked Control systems. A new method based on artificial neural networks,” Energy, vol. 
154, pp. 466–476, 2018. 
[25] D. Caicedo, et al., “Daylight-adaptive lighting control using light sensor calibration prior-information,” Energy 
Build., vol. 73, pp. 105–114, Apr. 2014. 
[26] C. F. Reinhart, et al., “Dynamic Daylight Performance Metrics for Sustainable Building Design,” LEUKOS, vol. 3, 
no. 1, pp. 7–31, Jul. 2006. 
[27] R. Delvaeye, et al., “Analysis of energy savings of three daylight control systems in a school building by means of 
monitoring,” Energy Build., vol. 127, pp. 969–979, 2016. 
[28] A. Peruffo, et al., “Lighting control with distributed wireless sensing and actuation for daylight and occupancy 
adaptation,” Energy Build., vol. 97, pp. 13–20, 2015. 
[29] M. Rossi, et al., “Personal lighting control with occupancy and daylight adaptation,” Energy Build., vol. 105,  
pp. 263–272, 2015. 
[30] OSRAM, “Sensor and control technology for efficient lighting solutions,” 2013. [Online]. Available: 
http://www.siteco.com. [Accessed: 21-Sep-2018]. 
[31] D. Caicedo, et al., “Smart lighting control with workspace and ceiling sensors,” Light. Res. Technol., vol. 49, no. 4, 
pp. 446–460, Feb. 2016. 
[32] D. Caicedo, et al., “Occupancy-based illumination control of LED lighting systems,” Light. Res. Technol., vol. 43, 
no. 2, pp. 217–234, 2011. 
[33] N. van de Meugheuvel, A. Pandharipande, D. Caicedo, and P. P. J. van den Hof, “Distributed lighting control with 
daylight and occupancy adaptation,” Energy Build., vol. 75, pp. 321–329, Jun. 2014. 
[34] E.-N. D. Madias, et al., “Application of multi-objective genetic algorithms to interior lighting optimization,” Energy 
Build., vol. 125, pp. 66–74, Aug. 2016. 
[35] LUTRON, “Daylight Sensor Design and Application Guide,” 2014. [Online]. Available: http://www.lutron.com. 
[Accessed: 12-Sep-2018]. 
[36] ALERA, “Installed Daylight Sensors Guide,” 2014. [Online]. Available: http://www.aleralighting.com.  
[Accessed: 04-Sep-2018]. 
[37] L. Wang, et al., “Lighting system design based on a sensor network for energy savings in large industrial buildings,” 
Energy Build., vol. 105, pp. 226–235, Oct. 2015. 
[38] I. Chew, et al., “Smart lighting: The way forward? Reviewing the past to shape the future,” Energy Build., vol. 149, 
pp. 180–191, 2017. 
[39] N. Gentile, et al., “Lighting control systems in individual offices rooms at high latitude: Measurements of electricity 
savings and occupants’ satisfaction,” Sol. Energy, vol. 127, pp. 113–123, 2016. 
[40] G. Lowry, “Energy saving claims for lighting controls in commercial buildings,” Energy Build., vol. 133,  
pp. 489–497, 2016. 
[41] L. L. Fernandes, et al., “Monitored lighting energy savings from dimmable lighting controls in The New York Times 
Headquarters Building,” Energy Build., vol. 68, pp. 498–514, 2014. 
[42] X. Yu and Y. Su, “Daylight availability assessment and its potential energy saving estimation –A literature review,” 
Renew. Sustain. Energy Rev., vol. 52, pp. 494–503, 2015. 
[43] S. N. Kamaruzzaman, et al., “Achieving energy and cost savings through simple daylighting control in tropical 
historic buildings,” Energy Build., vol. 90, pp. 85–93, 2015. 
[44] N. Gentile and M.-C. Dubois, “Field data and simulations to estimate the role of standby energy use of lighting control 
systems in individual offices,” Energy Build., vol. 155, pp. 390–403, 2017. 
[45] X. Yu, et al., “Application of RELUX simulation to investigate energy saving potential from daylighting in a new 
educational building in UK,” Energy Build., vol. 74, pp. 191–202, 2014. 
[46] K. R. Shailesh and T. S. Raikar, “Computational analysis of daylight harvesting scheme in an office building in 
Mumbai,” 2010 IEEE International Conference on Sustainable Energy Technologies (ICSET). pp. 1–8, 2010. 
[47] D. H. W. Li, et al., “Study of daylight data and lighting energy savings for atrium corridors with lighting dimming 
controls,” Energy Build., vol. 72, pp. 457–464, 2014. 
[48] S. K. H. Chow, et al., “Analysis and prediction of daylighting and energy performance in atrium spaces using 
daylight-linked lighting controls,” Appl. Energy, vol. 112, pp. 1016–1024, 2013. 
[49] G. Y. Yun, et al., “Effects of occupancy and lighting use patterns on lighting energy consumption,” Energy Build., 
vol. 46, pp. 152–158, 2012. 
[50] C. de Bakker, et al., “The Energy Saving Potential of Occupancy-Based Lighting Control Strategies in Open-Plan 
Offices: The Influence of Occupancy Patterns,” Energies, vol. 11, no. 1, 2018. 
Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  
 
A review on sensing-based strategies of interior lighting control system and their … (Khairul Rijal Wagiman) 
215 
[51] X. Guo, et al., “The performance of occupancy-based lighting control systems: A review,” Light. Res. Technol., vol. 
42, no. 4, pp. 415–431, Aug. 2010. 
[52] M.-C. Dubois and Å. Blomsterberg, “Energy saving potential and strategies for electric lighting in future North 
European, low energy office buildings: A literature review,” Energy Build., vol. 43, no. 10, pp. 2572–2582, 2011. 
 
 
BIOGRAPHIES OF AUTHORS 
 
 
Khairul Rijal Wagiman is a Lecturer at the Industrial Training Institute, Selandar, Melaka, 
Malaysia. He received the B.Eng and M.Eng. in Electrical Engineering from the Universiti 
Teknologi Malaysia (UTM), Johor Bahru, Malaysia, in 2013 and 2016, respectively. He is 
currently pursuing the Ph.D. in Electrical Engineering at the Universiti Tun Hussein Onn Malaysia 
(UTHM), Batu Pahat, Johor. His current research interests include lighting systems design, 




Mohd Noor Abdullah received his B.Eng. (Hons) in Electrical Engineering and M. Eng. in 
Electrical Engineering (Power System) from Universiti Teknologi Malaysia (UTM) in 2008 and 
2010 respectively. He also received a Ph.D degree in Electrical Engineering from University of 
Malaya (UM) in 2014. He has been with Universiti Tun Hussein Onn Malaysia (UTHM) from 
2008 to 2014 as a tutor. He is currently as a Lecturer in Department of Electrical Power 
Engineering, Faculty of Electrical and Electronic Engineering (FKEE), Universiti Tun Hussein 
Onn Malaysia (UTHM). He also appointed as a head of Green and Sustainable Energy (GSEnergy) 
Focus Group in FKEE, UTHM.  He was a member of Board of Engineer Malaysia and IEEE. His 
research interests are electric power dispatch, distributed generation, renewable energy and meta-
heuristic optimization techniques. 
  
 
Mohammad Yusri Hassan is a Professor and Director of Centre of Electrical Energy Systems 
(CEES) in the School of Electrical Engineering, Faculty of Engineering at Universiti 
Teknologi Malaysia (UTM). He obtained his B.Eng. in Electrical and Electronic Engineering from 
University of Strathclyde, United Kingdom in 1988, M.Eng in Electrical Power Engineering from 
UTM in 1994 and PhD in Power System Economics from University of Strathclyde, United 
Kingdom in 2004. His research interests are power system economics, deregulated electricity 
market, transmission pricing, energy efficiency and renewable energy. 
  
 
N. H. Radzi received her B.Eng. and M.Eng in Electrical Engineering (Power) from Universiti 
Teknologi Malaysia (UTM) in 2005 and 2009 respectively, and Ph.D from The University of 
Queensland, Brisbane, Australia in 2012. Currently, she is a senior lecturer in the Faculty of 
Electrical & Electronic Engineering at Universiti Tun Hussein Onn Malaysia (UTHM). Her 
research interests include transmission pricing, power system economics, energy management and 
renewable energy. 
 
